Supplementary Figure 5 . Native top-down ECD spectra of protein complexes. a) Horse liver alcohol dehydrogenase (2-mer, 80 kDa), b) yeast alcohol dehydrogenase (4-mer, 147 kDa), c) aldolase (4-mer, 158 kDa), d) human transferrin receptor (hTfR, 2-mer, 157 kDa), e) SOD1 (2-mer, 32 kDa), f) GroES (7-mer, 84 kDa), g) glycogen phosphorylase b (2-mer, 196 kDa), h) pyruvate kinase (4-mer, 232 kDa), i) glutamate dehydrogenase (6-mer, 336 kDa), j) β-galactosidase (4-mer, 464 kDa), and k) GroEL (14-mer, 802 kDa). The structure of each complex is inserted in its ECD spectrum with ECD fragmented residues displayed in red and interfacial residues in salmon. PISA (http://www.ebi.ac.uk/pdbe/prot_int/pistart.html) are used to calculate interfacial residues. The results are summarized in Supplementary Table 4 Supplementary Figure 7 . Schematic of the 15 T FTICR MS instrument with an infinity cell (Bruker, Bremen, Germany) in the native analysis of macromolecular complexes. Ionized protein complexes are introduced by a nanospray ion source that delivers them in a native-like conformation. Downstream, ions are focused by the ion funnel and guided by the octapole to a quadrupole filter, where ions with m/z up to 6,000 can be isolated. Ions accumulate in the collision cell until they are transmitted to the infinity cell. Activation and dissociation can be performed in multiple regions of the spectrometer. In source dissociation (ISD) is performed in the ion-funnel skimmer region, while collision-induced dissociation (CID) would be performed in the collision cell. Ions in the infinity cell may be submitted to Electron capture dissociation (ECD). IRMPD is also performed in the infinity cell. Different fragmentation techniques can also be performed in combination. Figure 1 . Native MS spectrum of β-galactosidase (β-GTD).
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Supplementary Figure 2.
Native top-down IRMPD fragmentation map of glutamate dehydrogenase (GDH). Regions covered by internal fragment ions are shaded in green. "*" represents fragment ions with oxidation and potential oxidation sites are shaded in purple. " ○ " represents fragment ions with methylation and potential methylation site is shaded in yellow. Overall, the top-down results yield a sequence coverage of 73% along with 120 backbone cleavages. 
Supplementary
+18 Da mass shift
In order to confirm the mass shift of +18 Da for all b-ions of β-galactosidase (β-GTD) in native top-down CAD experiment ( Supplementary Fig. 6a ), we denatured the same sample by either adding organic solvent or acetate acid for top-down MS analysis; however, β-galactosidase instantly broke down to small peptides ( Supplementary Fig.  6b ). When comparing the native top-down ISD spectrum (Supplementary Fig. 6a ) with the spectrum of the denatured β-GTD ( Supplementary Fig. 6b ), we observed that all (bn+18) ions from ISD fragmentation show up at the exact m/z locations as the hydrolyzed peptides, which suggests that the +18 Da mass-shift is not a covalent modification but an adduct. We therefore assigned the +18 Da shift to a molecule of H2O. The preservation of water over CAD process is rather uncommon, but the CAD spectrum was obtained at very low-level activation (CAD 4 V), the water molecule may therefore survive this process.
Supplementary Figure 5 . Native top-down ECD spectra of protein complexes. a) Horse liver alcohol dehydrogenase (2-mer, 80 kDa), b) yeast alcohol dehydrogenase (4-mer, 147 kDa), c) aldolase (4-mer, 158 kDa), d) human transferrin receptor (hTfR, 2-mer, 157 kDa), e) SOD1 (2-mer, 32 kDa), f) GroES (7-mer, 84 kDa), g) glycogen phosphorylase b (2-mer, 196 kDa), h) pyruvate kinase (4-mer, 232 kDa), i) GDH (6-mer, 336 kDa), j) β-GTD (4-mer, 464 kDa), and k) GroEL (14-mer, 802 kDa). The structure of each complex is inserted in its ECD spectrum with ECD fragmented residues displayed in red and interfacial residues in salmon. PISA (http://www.ebi.ac.uk/pdbe/prot_int/pistart.html) are used to calculate interfacial residues. The results are summarized in Supplementary Table 4 CsI.
Supplementary Figure 7 . Schematic of the 15 T FTICR MS instrument with an infinity cell (Bruker, Bremen, Germany) in the native analysis of macromolecular complexes. Ionized protein complexes are introduced by a nanospray ion source that delivers them in a native-like conformation. Downstream, ions are focused by the ion funnel and guided by the octapole to a quadrupole filter, where ions with m/z up to 6,000 can be isolated. Ions accumulate in the collision cell until they are transmitted to the infinity cell. Activation and dissociation can be performed in multiple regions of the spectrometer. In source dissociation (ISD) is performed in the ion-funnel skimmer region, while collision-induced dissociation (CID) would be performed in the collision cell. Ions in the infinity cell may be submitted to Electron capture dissociation (ECD). IRMPD is also performed in the infinity cell. Different fragmentation techniques can also be performed in combination.
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